The activity of using membrane technology has developed fast in the treatment of wastewater, drinking water and process water production. The main challenges in membrane filtration are fouling reduction, permeability increase and high efficiency in retention. The best example of membrane enhancement is increasing hydrophilicity. Nanoparticles have been proven that their presence in the membrane matrix increases the water affinity significantly. Although the zinc oxide nanoparticles have a positive effect over the membrane performance, the influence of zinc oxide (ZnO) nanoparticle size has not been studied enough. Two sizes of nanoparticle of ZnO and three concentrations were used for the preparation of composite polysulfone ultrafiltration membranes. The effects of the ZnO nanoparticles in the membrane matrix on the permeation properties, flux stability and retention were tested. SEM, EDX, porosity and contact angle measurement were conducted in this article, also. The experimental results indicated that ZnO-PSf composite membranes exhibits significant differences in the membrane properties due to nanoparticle addition and regardless of their size it leads to an increase in hydrophilicity, flux, permeability, retention and porosity. Decreasing the nanoparticle size leads to an increase in membrane performance.
Membrane separation had earned a growth in popularity over the last twenty years and became one of the most promising treatment technologies so far [1] .
Separation based membranes are applicable in many industries such as chemical [2, 3] , food and pharmaceutical [4] [5] [6] industries, possessing important advantages such as no by-product production, low temperature process and an exceptional cost/efficiency ratio in comparison with the conventional treatment plants [7, 8] .
Continuous research is conducted worldwide on improving the membrane performance and membrane processes [9] [10] [11] [12] . Increasing the separation yield [9] and the membrane ûux [10] has been the target of many of these investigations. Often the methods that increase the flux of the membranes will decrease the separation performance and vice versa [13] .
Taken the above mentioned, a favorable scenary would be the possibility of increasing the membrane flux and retention together [14] .
Nanoparticle-blended membranes are a new group of membrane materials that have the beneûts of polymeric membranes and nanostructure materials at the same time [1, [15] [16] [17] . Various nanoparticles have been used in the structure of polymeric membranes. The organic-inorganic membranes, in comparison with the neat membranes, have superior performance.
When nanoparticles are mixed with a polymer solution, the result will be a new material, in terms of morphology and performance; an explanation would be that the intrinsic properties of the nanoparticles are donated to the nanocomposite material.
TiO 2 [18] , Ag [19] and ZnO [20, 21] nanoparticles have an antibacterial property, ZrO 2 [22] and Fe [23] In addition to the importance of choosing the type and concentration of nanoparticles to create membranes with * email: stefan.pintilie@ugal.ro improved properties, another important feature require studying, namely the influence of nanoparticle size on the polymer membranes properties.
Decreasing the nanoparticle size increases its active surface area (m 2 /g). A higher nanoparticle surface area leads to a higher adsorption of water molecules which gives better hydrophilic property to the membrane surface [27] .
Vatanpour et al (2012) studied the influence of the titanium dioxide nanoparticles size with three dimensions of 8 nm, 15-25 nm, 30 nm and the surface area, respectively of 300 m H.J. Song et al (2014) used in the PSf membranes SiO 2 nanoparticles with 4 sizes and demonstrated that the water flux increases with particle size decreasing beceause of the membrane hydrophilicity growth. H.J. Song et al (2014) showed that the influence of the nanoparticle size is also present in the rejection properties of the membrane. The PSf composite membranes containing silica nanoparticles grafted with poly (vinyl alcohol) presents a low solute rejection because of the defects between the nanoparticle aggregates and the polymer. The increasing defects around the silica aggreagates occur with increasing in nanoparticle size [29] .
The type, concentration and size of the ZnO nanoparticles are important factors in achieving better efficiency in the membrane fabrication industry.
Blending a small amount of nanoparticles in the polymer casting solution was of interest for this study, despite of the numerous research proof that shows that increasing the nanoparticle amount would increase the flux and hydrophilicity, other studies [28, [30] [31] [32] demonstrated that the nanoparticle increment leads to a decrease in flux because of pore blockage caused by excessive nanoparticles leading to pore failure occurred from nanoparticle aggregation.
Experiemntal part Materials and methods
The base polymer is polysulfone (PSf, average Mw 3 5000), the polymer solvent is 1-methyl-2-pyrrolidone (NMP, C 5 H 9 NO, 99%), all mentioned were supplied from SigmaAldrich. The polyester support layer (Viledon FO2471) was supplied from Freudenberg (Winheim, Germany). The ZnO nanoparticles with <50 nm particle size were purchased from Sigma-Aldrich and the ZnO nanoparticles with 280.6 nm average particle size were purchased from Mayam Germany, both nanoparticles were purchased in nanopowder form.
Preparation of mix matrix membranes
The membranes from this study were obtained by phase inversion, the immersion precipitation method (figure 1 [33] ). The casting solution was prepared by mixing the PSf polymer (25 wt %) with the NMP solvent solution at a constant temperature and under continuous stirring. For a homogeneous casting solution, agitation was made for at least 24 hours. The nanoparticle blended membranes were prepared by adding 0.1, 0.5 and 1 wt% of nanoparticles in the corresponding volume of NMP for 1 h throught continuous stirring at room temperature. The polymer was then added to the solution and agitation was made for at least 24 h.
After 24 h the polymer solution was cast with ~250µm thickness using a film applicator (Automatic Film Applicator PA-2101, BYC-Gardner GmbH) on very porous nonwoven polyester as support layer. After a limited exposure time to air, the thin film was immersed in a bath of non-solvent (pure water at room temperature). The membranes formed (table 1) were washed and stored in distilled water, until they were used as samples for characterization.
SEM analysis
The morphology of the samples was investigated using FEI Quanta 200 Scanning Electron Microscope equipped with EDX elemental composition analyzer at an accelerator voltage of 15 kV and 25 kV. Nanoparticle samples for SEM-EDX observation were prepared by dropping the particle suspension in alcohol onto the SEM stub using carbon adhesive. All samples were coated with gold by sputtering before observation to make them conductive. The presence of zinc oxide nanoparticles with different concentrations were confirmed by EDX spectra.
Contact angle test
The surface hydrophilicity of the prepared PSf nanocomposite probes was evaluated by measuring the contact angle between the polymer surface and water droplet using a contact angle goniometer (OCA 15EC, DataPhysics). The dropping was repeated for several times and the mean value was reported for the contact angle of each sample.
Porosity
The membrane porosity was calculated as a function of the membrane weight using the following equation: (1) where W w and W d are the weight of a membrane, in wetted and dry state (g); V is the membrane volume (cm 3 ) and ρ is the density of water (g/cm 3 ). The membranes were immersed in water during 24 h prior to the measurement of swelling state. The porosity data were the average values obtained for 3 samples of each membrane.
Permeation tests
The prepared membranes were characterized for water flux and pure water permeability in a dead-end stirred cell (Sterlitech HP4750) with a total volume of 300 mL and a membrane surface area of 14.6 cm 2 . The cell fitted with a pressure gauge was pressurized with nitrogen gas to force the liquid through the membrane.
The pure water flux (L/m 2 h) was measured using the gravimetric method and was determined by: (2) where V is the volume of the permeate water (L), A is the effective area of the membrane (m 2 ) and t is the permeation time (h).
Water permeability experiments were carried out with pure water at an operating pressures ranging between 10 and 16 bar at room temperature (aprox.25 °C).
The slope of the linear regression of pure water flux on ∆P was determined as the pure water permeability (L/m 2 h bar), which was calculated using the following expression:
where ∆p is the operating pressure (bar).
Retention
The dye of choice is Bromocresol Green (BCG) with a molecular mass of 698.01 g/mol. The dye concentration is determined spectroscopically using a UV-Vis Spectrophotometer HACH DR 5000 (Hach Lange GmbH, Germany).
The rejection ratio was calculated by the following equation: (4) , where C 0 represents dye concentrations in feed solution (100 ppm) and C f is the permeate concentration. 
Results and discussions
Morphologycal studies Particle Size Distribution for the ZnO280 nanoparticles Figure 2 shows SEM image and particle size distribution of nanoparticles measured with a computer image analysis (ImageJ -open source image analysis software: http:// rsbweb. nih.gov). The average particle size for ZnO nanoparticle was 280.6 nm.
Membrane characterization with SEM observations
The membrane surfaces were studied with scanning electron microscopy (SEM). The influence of the sizes and concentrations of the ZnO nanoparticles are presented in figure 3 . In terms of pore density, the surface of PSf neat membrane was compared with the surface of composite membranes. Regarding the pore size, the neat membrane presents larger pores while the composite membranes have smaller pores even when a small concentration of nanoparticles is added in the membrane solution. Consequently, the decrease in pore diameter due to nanoparticle addition is also found in the retention tests of Bromocresol Green. Further increase in nanoparticles causes aggregation both on the surface and just below the top layer of the membrane. Similar results are shown by Balta et al (2012) [21] . Figure 4 presents cross-section SEM images for neat, ZnO50-0.5 and ZnO280-0.5 membranes. The ZnO280-0.5 membranes had the best performance in terms of pure water flux and permeability ( fig. 6 and 7) . The ZnO-blended membranes (especially ZnO50-0.5 membrane) show a thinner skin layer than the neat PSf membrane. The skin layer is the part of the membrane that performs the separation process. By addition of ZnO, the porosity and size of macrovoids was increased [34] . In the case of ZnOblended membranes, solvent-nonsolvent exchange is more passive in the presence of nanoparticles during phase inversion process, thus promoting macrovoid formation [30, 35] . Similar results were observed at different concentrations of nanoparticles [21, 31, 36] . The SEM images showed that the addition of ZnO nanoparticles has table 2 and table  3 was done by energy dispersive X-ray (EDX). The results confirm the presence of nanoparticles in the composite membranes, respecting the concentration trend for all of the samples.
Contact angle and porosity Figure 5 shows contact angle and porosity measurement for both ZnO nanoparticle sizes and concentrations. The addition of nanoparticles increases the hydrophilicity of membrane due to the hydrophilic property. In theory, increasing nanoparticle concentration in the membrane matrix will decrease the contact angle value. Hydrophilicity did not change significantly when more than 0.5 wt % nanoparticles were added. The addition of nanoparticles has a positive effect on the membrane hydrophilicity even at very low concentrations. The membranes blended with nanoparticles with size of 50 nm present a lower contact angle than the ZnO280 membranes, at all concentrations. Smaller nanoparticles have a higher surface area that leads to a higher adsorption of water molecules which gives better hydrophilic property to the membrane surface [27] .
Membrane porosity shows the same tendency as the membrane hydrophilicity. The results for porosity measurements ( fig. 5) show that the ZnO-PSf membranes have higher porosity than the neat PSf membrane. Addition of 0.1 and 0.5wt% ZnO nanoparticles leads to porosity increase. Further addition of nanoparticles does not change the porosity.
Permeation tests
Distilled water flux was determined by timing from 5 to 5 mL and the values were displayed in figure 6 in order to study the membrane stability. Depending on the size of the nanoparticles in the membrane, it can be seen that the membranes show different variations of the flux.
The first test was with the neat membrane in order to easily see the influence of the nanocomposite membranes ( fig. 6 ). The neat membrane shows an average flux value of 168 L/m -2 h -1 . The flux value for the membrane ZnO50-0.1 presents an increase of aprox. 25% higher than the neat membrane and also a better stability. The membrane ZnO280-0.1 shows the same stability as ZnO50-0.1. The flux, however, is slightly lower. Increasing the NP concentration to 0.5 wt% shows a remarkable increase in flux, 170% for ZnO280-0.5 and aproximatly 300 % for ZnO50-0.5. Further, as we increased the concentration to 1 wt%, ZnO50-1 showed a lower value than ZnO50-0.5 and lower stability. Increasing the size of nanoparticles leads to a decrease in flux, so the preferred solution is to introduce in the membrane smaller nanoparticles. Figure 7 shows the compined effect of pure water permeability and retention of Bromocresol Green. The highest permeability is at a concentration of 0.5 wt% for both sizes of the nanoparticles, adding a greater amount resulting in a decrease in the permeability for ZnO50-type membranes. The maximum performance the nanoparticles share is with the membrane at 0.5 wt% ZnO nanoparticles, higher concentration leading to lower permeability due to nanoparticle aggregation in the polymer matrix.Similar results are also obtained by Liang et al (2012) [37] . On the other hand, the retention for the blended membranes did not change significantly, meaning that the nanoparticles do not have an influence over the pore size of the membrane, aproved also by top-view SEM images.
Considering the fact that the retention is constant at different concentrations of nanoparticles and the maximum permeability is with membrane ZnO50-0.5, we conclude that the optimal choice for dye-water treatment is by adding 0.5wt% nanoparticles with the size of 50 nm.
Conclusions
The result of the present research work show that ZnO nanoparticles have a positive influence on the PSf membranes, even at low concentration. In order to choose the optimal composite membrane for water treatment, both nanoparticles size and concentration need to be taken in consideration. The membrane embedded with ZnO nanoparticle with the size of 50 nm and concentration of 0.5wt% exhibits the best properties in terms of flux stability, porosity, contact angle, permeability and retention. All of the other membranes excels at a specific property, but
The results showed that adding a quantity of 0.5 wt% increase the properties of membranes in terms of flux stability, porosity, contact angle, permeability and retention. Exceeding this concentration leads to performance decreasing. Also, the membrane with 0.5 wt% and 50 nm nanoparticle size show the highest performance in comparison with 280.6 nm particle size diameter.
